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(57) ABSTRACT

A packaging substrate and a semiconductor package using
the packaging substrate are provided. The packaging sub-
strate includes: a substrate body having a die attach area, a
circuit layer formed around the die attach area and having a
plurality of conductive traces each having a wire bonding pad,
and a surface treatment layer formed on the wire bonding
pads. Therein, only one of the conductive traces is connected
to an electroplating line so as to prevent cross-talk that oth-
erwise occurs between conductive traces due to too many
electroplating lines in the prior art.

9 Claims, 5 Drawing Sheets
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1
FABRICATION METHOD OF PACKAGING
SUBSTRATE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a divisional of application U.S. Ser. No.
13/490,810, filed on Jun. 7, 2012, which claims under 35
U.S.C. §119(a) the benefit of Taiwanese Application No,
100147660, filed Dec. 21, 2011, the entire contents of which
are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to semiconductor packages,
packaging substrates and fabrication methods thereof, and,
more particularly, to a wire-bonding semiconductor package,
packaging substrate and fabrication method thereof.

2. Description of Related Art

For electrically connecting a semiconductor chip and a
packaging substrate or a lead frame through bonding wires,
the semiconductor chip has a plurality of electrode pads
formed on a surface thereof and the packaging substrate has a
plurality of wire bonding pads corresponding to the electrode
pads, or the lead frame has a plurality of leads corresponding
to the electrode pads. The semiconductor chip is mounted on
a die attach area of the packaging substrate or the lead frame
and the electrode pads of the semiconductor chip are electri-
cally connected to the wire bonding pads or the leads through
a plurality of bonding wires such that the semiconductor chip
is electrically connected to the packaging substrate or the lead
frame.

Generally, before a wire bonding process, a surface treat-
ment layer made of, for example, Ni/Au is formed on the wire
bonding pads of the packaging substrate for improving elec-
trical bonding forces between gold wires and the wire bond-
ing pads and avoiding oxidation of the wire bonding pads.
The process for forming the surface treatment layer can be a
process with plating lines or a process without plating lines.

FIGS. 1A and 1A' show a conventional electroplating pro-
cess with plating lines. Referring to the drawings, a substrate
body 10 has a die attach area A and a circuit layer 11. The
circuit layer 11 has a plurality of conductive traces 11a and a
plurality of conductive vias 115. One end of each of the
conductive traces 11a has a wire bonding pad 110 disposed
adjacent to the die attach area A, and the other end is disposed
away from the die attach area A for connecting a correspond-
ing one of the conductive vias 115 and further connecting an
electroplating line 111 extending to an edge of the substrate
body 10. Further, the electroplating lines 111 at each side of
the substrate body 10 are connected to an electroplating bus
(or referred to as a common electroplating line, not shown).
An insulating protection layer 12 is formed on the substrate
body 10, and a plurality of openings 120 are formed in the
insulating protection layer 12 for exposing the wire bonding
pads 110.

Then, a plurality of array-arranged substrate bodies 10 are
disposed in an electroplating tub (not shown) and an electro-
plating process is performed such that current flows through
the electroplating buses as well as the electroplating lines 111
to thereby form a surface treatment layer 14 on the wire
bonding pads 110. Then, the electroplating buses are
removed.

As described above, each of the conductive traces 11a is
connected to an electroplating line 111. After the electroplat-
ing process, the electroplating lines 111 still remain on the
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edges of the substrate body 10. As such, when the packaging
substrate 1 is applied to a high frequency product having high
electrical performance, signal transmission in the conductive
traces 11a can be adversely affected by the electroplating
lines 111 such that cross-talk occurs, thereby resulting in
signal distortion or poor electrical performance.

Accordingly, an NPLL (Non-plating line) electroplating
process is provided. Referring to Taiwan Patent No. 1223426
or FIG. 1B, a conductive film 13 is formed on a substrate body
10" and a firstresist layer 12a is formed on the conductive film
13 such that an electroplating process is performed for form-
ing a circuit layer 11'. Then, a second resist layer 126 is
formed such that an electroplating process is performed
through the conductive film 13 for forming a surface treat-
ment layer 14' on wire bonding pads 110' of the circuit layer
11'. Thereafter, the first resist layer 124, the second resist
layer 124 and the conductive film 13 covered by the first and
second resist layers 12a, 126 are removed. By using the
conductive film 13 instead of a plurality of electroplating
lines, cross-talk is avoidable.

However, in the NPL electroplating process, two pattern-
ing processes for patterning the resist layers are required. The
resist layers and masks are high in material cost, and exposure
and development processes are also high in equipment cost.
Therefore, the NPL electroplating process is costly, time-
consuming and does not meet cost-effective requirements.

To mount a semiconductor chip 16 on the packaging sub-
strate, an adhesive layer 15 is formed on the insulating pro-
tection layer 12 in the die attach area A. Referring to FIG. 1A',
when the chip 16 is attached to the adhesive layer 15, the
adhesive layer 15 is squeezed to overflow, thus polluting the
wire bonding pads 110 around the die attach area A and
adversely affecting the electrical connection of the packaging
substrate 1.

In order to increase the distance D between the wire bond-
ing pads 110 and the die attach area A so as to protect the
wiring bonding pads 110 from being polluted by the adhesive
material, the area of the substrate body 10 needs to be
increased. As such, the packaging substrate 1 cannot meet the
miniaturization requirement. Furthermore, since the layout
space for the circuit layer 11 are reduced due to the provision
of' the electroplating lines, the flexibility of the circuit layout
is reduced.

To increase the distance D between the wire bonding pads
110 and the die attach area A, the length of gold wires (not
shown) also needs to be increased, thereby leading to a high
material cost and a high fabrication cost.

Therefore, how to overcome the above-described draw-
backs has become urgent.

SUMMARY OF THE INVENTION

In view of the above-described drawbacks, an object of the
present invention is to provide a semiconductor package, a
packaging substrate and a fabrication method thereof so as to
prevent cross-talk from occurring.

Another object of the present invention is to provide a
semiconductor package, a packaging substrate and a fabrica-
tion method thereof so as to reduce the fabrication cost,
improve the circuit layout flexibility and meet the miniatur-
ization requirement.

The semiconductor package of the present invention com-
prises: a substrate body having a die attach area; a circuit layer
formed on the substrate body and having a plurality of con-
ductive traces each having a first end positioned adjacent to
the die attach area and an opposing second end positioned
away from the die attach area, wherein each of the first ends
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has a wire bonding pad, the second end of at least one of the
conductive traces at at least one side of the die attach area is
connected to an electroplating line, and the electroplating
lines and the wire bonding pads at the same side of the die
attach area are different in number; a surface treatment layer
formed on the wire bonding pads; and a semiconductor chip
mounted on the die attach area through an adhesive layer and
electrically connected to the wire bonding pads through a
plurality of bonding wires.

The packaging substrate of the present invention com-
prises: asubstrate body having a die attach area; a circuit layer
formed on the substrate body and having a plurality of con-
ductive traces each having a first end positioned adjacent to
the die attach area and an opposing second end positioned
away from the die attach area, wherein each of the first ends
has a wire bonding pad, the second end of at least one of the
conductive traces at at least one side of the die attach area is
connected to an electroplating line, and the electroplating
lines and the wire bonding pads at the same side of the die
attach area are different in number; and a surface treatment
layer disposed on the wire bonding pads.

The fabrication method of the packaging substrate com-
prises the steps of: providing a substrate body having a die
attach area and a circuit layer formed around the die attach
area, wherein the circuit layer has a plurality of conductive
traces each having a first end positioned adjacent to the die
attach area and an opposing second end positioned away from
the die attach area, each of the first ends has a wire bonding
pad, the second end of at least one of the conductive traces at
least one side of the die attach area is connected to an elec-
troplating line, and the electroplating lines and the wire bond-
ing pads at the same side of the die attach area are different in
number; forming a conductive layer at an edge of the die
attach area between the die attach area and the circuit layer,
and electrically connecting the conductive layer to the con-
ductive traces; performing an electroplating process through
the conductive layer and the electroplating line so as to form
a surface treatment layer on the wire bonding pads; and
removing the conductive layer.

In the above-described method, the conductive layer can be
removed by laser, a chemical solution or a scraper.

In the above-described method, each of the wire bonding
pads is connected to an extending line so as to be connected to
the conductive layer.

In the above-described substrate and method, an adhesive
layer can be formed on the die attach area such that a semi-
conductor chip is mounted on the die attach area through the
adhesive layer and electrically connected to the wire bonding
pads through a plurality of bonding wires.

In the above-described package, substrate and method, the
electroplating lines can be less in number than the wire bond-
ing pads at the same side of the die attach area. For example,
only one of the conductive traces is connected to the electro-
plating line through the second end thereof.

When removing the conductive layer, the above-described
method can further comprise forming a recess corresponding
in position to the conductive layer such that the recess is
formed between the die attach area and the circuit layer and
each of the wire bonding pads is connected to an extending
line so as to be in connection with the recess.

In the above-described package, substrate and method, a
ground portion can be formed on the substrate body.

After forming the conductive layer and before forming the
surface treatment layer, the method can further comprise
forming an insulating protection layer on the substrate body
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4

and the circuit layer and forming a plurality of openings in the
insulating protection layer for exposing the wire bonding
pads.

According to the present invention, since the conductive
layer electrically connects all the conductive traces, only one
of the conductive traces needs to be connected to an electro-
plating line for forming a surface treatment layer on the wire
bonding pads. As such, only one electroplating line exists on
the substrate body after the fabrication process, which pre-
vents signal transmission in the conductive traces from being
adversely affected by adjacent electroplating lines as in the
prior art so as to avoid cross-talk, thereby overcoming the
conventional problem of signal distortion or poor perfor-
mance.

Further, when the semiconductor chip is mounted on the
die attach area through the adhesive layer, the adhesive layer
is squeezed to overflow into the recess. Therefore, the wire
bonding pads are protected from being polluted by the adhe-
sive material so as to ensure the wire bonding quality and the
electrical reliability.

Furthermore, by forming the recess, the present invention
eliminates the need to increase the distance between the wire
bonding pads and the die attach area. As such, the packaging
substrate can meet the miniaturization requirement. Also,
since only a small number of electroplating lines is required in
the present invention, the circuit layout space and flexibility
are increased. Moreover, the present invention eliminates the
need to increase the length of gold wires, thereby reducing the
material cost and the fabrication cost.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1A is a schematic upper view of a conventional pack-
aging substrate;

FIG. 1A' is a schematic cross-sectional view of a conven-
tional packaging substrate and a semiconductor chip;

FIG. 1B is a schematic cross-sectional view showing a
fabrication method of another conventional packaging sub-
strate;

FIGS. 2A to 2D are schematic cross-sectional views show-
ing a fabrication method of a packaging substrate according
to the present invention, wherein FIGS. 2A' and 2B' are sche-
matic upper views of FIGS. 2A and 2B, respectively;

FIG. 2E is a schematic cross-sectional view showing a
semiconductor package of the present invention, wherein
FIG. 2E' is a schematic upper view of FIG. 2E omitting the
bonding wires; and

FIG. 3 is a schematic cross-sectional view of a packaging
substrate according to another embodiment of the present
invention, wherein FIG. 3' is a schematic upper view of FIG.
3.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

The following illustrative embodiments are provided to
illustrate the disclosure of the present invention, these and
other advantages and effects can be apparent to those in the art
after reading this specification.

It should be noted that all the drawings are not intended to
limit the present invention. Various modification and varia-
tions can be made without departing from the spirit of the
present invention. Further, terms such as “one”, “on”, “first”,
“second” etc. are merely for illustrative purpose and should
not be construed to limit the scope of the present invention.
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FIGS. 2A to 2E are schematic cross-sectional views show-
ing a fabrication method of a packaging substrate according
to the present invention.

Referring to FIGS. 2A and 2A!, a substrate body 20 is
provided. The substrate body 20 has a die attach area A, a
circuit layer 21 formed around the die attach area A, and a
conductive layer 23 formed between the die attach area A and
the circuit layer 21.

The circuit layer 21 has a plurality of conductive traces 21a
and a plurality of conductive vias 215. Each of the conductive
traces 21a has a first end 210q disposed adjacent to the die
attach area A and a second end 2105 disposed away from the
die attach area A. The first end 210« has a wire bonding pad
210 connected to an extending line 212. The second end 2105
is connected to a corresponding one of the conductive vias
21b. Further, an electroplating line 211 is formed to connect
the second end 2105 of only one of the conductive traces 21a
at only one side of the die attach area A. For example, the
electroplating line 211 is formed at an upper side of the die
attach area A as shown in FIG. 2A".

Referring to FIG. 2A', only one electroplating line 211 is
provided. But it should be noted that the number of the elec-
troplating lines is not limited thereto. The number of the
electroplating lines can be determined according to the
requirement of a subsequent electroplating process.

The conductive layer 23 electrically connects the extend-
ing lines 212 of the conductive traces 21a so as to serve as a
current conductive path for electroplating a metal material.
The conductive layer 23 can be made of electroplated copper,
metal, alloy or several deposited metal layers, or a conductive
polymer material. The conductive layer 23 can have a ring
shape as shown in FIG. 2A' or consist of a plurality of strips
(not shown) corresponding to each side of the die attach area
A. There is no special limitation on the shape of the conduc-
tive layer 23. It is only required that a plurality of conductive
traces are connected to a single conductive layer. For
example, a plurality of conductive traces at one side of the die
attach area are connected to a single conductive layer. Pref-
erably, the conductive layer 23 is formed in the same electro-
plating process for forming the conductive traces so as to save
time and cost.

In other embodiments, the wire bonding pads 210 of the
conductive traces 21a can be directly connected to the con-
ductive layer 23 instead of through the extending lines 212.

Referring to FIGS. 2B and 2B', an insulating protection
layer 22 is formed on the substrate body 20 and the circuit
layer 21 and a plurality of openings 220 are formed in the
insulating protection layer 22 for exposing the wire bonding
pads 210 and the conductive layer 23. Alternatively, only the
wire bonding pads 210 are exposed through the openings 220
and the conductive layer 23 is covered by the insulating
protection layer 22.

Referring to FIG. 2C, the electroplating lines 211 of the
substrate body 20 are connected to an electroplating bus (not
shown). Then, a plurality of array-arranged substrate bodies
20 are disposed in an electroplating tub (not shown) and an
electroplating process is performed such that current flows
through electroplating buses and the electroplating lines 211
to the conductive layer 23, thereby forming a surface treat-
ment layer 24 on the wire bonding pads 210. Then, the elec-
troplating buses are removed.

In the present embodiment, the surface treatment layer 24
is made of Ni/Au, ENEPIG (Electroless Ni/Electroless
Pd/Immersion Gold) or DIG (direct immersion gold).

If'the conductive layer 23 has a ring shape, it needs only one
electroplating process, thereby saving processing steps and
time. If'the conductive layer 23 consists of a plurality of strips
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at each side of the die attach area A, an electroplating process
needs to be performed at each side of the die attach area A,
which facilitates inspection and repair processes, thereby
improving the product reliability.

Referring to FIG. 2D, the conductive layer 23 is removed.
In the present embodiment, the conductive layer 23 is
removed by laser ablation. In other embodiments, the con-
ductive layer 23 can be removed a chemical solution or a
scraper.

When the conductive layer 23 is removed, a recess 200 is
formed corresponding in position to the conductive layer 23.

Therefore, by forming the conductive layer 23 between the
die attach area A and the circuit layer 21 to connect all the
conductive traces 21a of the circuit layer 21, the present
invention needs only one electroplating line 211 connected to
one of the conductive traces 214 at one side of the die attach
area A so as to form the surface treatment layer 24 on the wire
bonding pads 210 through electroplating. As such, when the
packaging substrate of the present invention is applied in a
high frequency product having high electrical performance,
signal transmission in the conductive traces 21a will not be
adversely affected by such a single electroplating line 211,
thereby overcoming the conventional problems of cross-talk,
signal distortion and poor electrical performance.

Further, the present invention dispenses with the patterning
processes in such as an NPL electroplating process, thereby
greatly reducing the fabrication cost and shortening the fab-
rication time.

Referring to FIG. 2E, an adhesive layer 25 is formed on the
die attach area A so as for a semiconductor chip 26 to be
mounted thereon, and a plurality of bonding wires 27 such as
gold wires are formed to electrically connect the wire bond-
ing pads 210 and the electrode pads 260 of the semiconductor
chip 26. In the present embodiment, the adhesive layer 25 is
made of silver paste.

When the semiconductor chip 26 is mounted on the die
attach area A through the adhesive layer 25, the adhesive layer
25 is squeezed to overflow to the recess 200, thereby avoiding
the conventional problem of pollution of the wire bonding
pads 210 by overflowed adhesive material.

Further, by forming the recess 200, the present invention
eliminates the need to increase the distance between the wire
bonding pads 210 and the die attach area A and hence the area
of'the substrate body 20 does not need to be increased. There-
fore, the packaging substrate 2 can meet the miniaturization
requirement. Also, the circuit layout space and flexibility are
increased.

Furthermore, the present invention eliminates the need to
increase the length of the bonding wires 27, thereby reducing
the material cost and the fabrication cost. In another embodi-
ment, referring to FIGS. 3 and 3', when the conductive layer
23 is removed, two ring-shaped recesses 300a, 3005 are
formed around the die attach area A and used for receiving
overflowed adhesive material.

Further, the conductive layer 23 can be partially removed
s0 as to cause the remaining portion of the conductive layer 23
to form a ring-shaped ground portion 31. In the present
embodiment, the ground portion 31 is disposed between the
circuit layer 21 (the wire bonding pads 210) and the die attach
area A. In particular, the ground portion 31 is formed between
the two ring-shaped recesses 300a, 3005. It should be noted
that there is no special limitation on the shape and position of
the ground portion 31.

Referring to FIG. 3', each side of the die attach area A can
have an electroplating line 311. As such, there are totally four
electroplating lines 311.
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The present invention further provides a packaging sub-
strate 2, which has a substrate body 20, a circuit layer 21
formed on the substrate body 20 and a surface treatment layer
24 formed on the circuit layer 21.

The substrate body 20 has a die attach area A. A recess 200
can be formed between the die attach area A and the circuit
layer 21 according to the practical need.

The circuit layer 21 has a plurality of conductive traces 21a
each having a first end 210a disposed adjacent to the die
attach area A (or recess 200) and a second end 2105 disposed
away from the die attach area A (or recess 200). The first end
210aq has a wire bonding pad 210 connected to an extending
line 212. The extending line 212 is in connection with the
recess 200. Only one of the conductive traces 21a at each side
of'the die attach area A is connected to an electroplating line
211, 311 through the second end 2105 thereof.

The surface treatment layer 24 is formed on the wire bond-
ing pads 210.

The packaging substrate 2 further has an adhesive layer 25
formed on the die attach area A so as for a semiconductor chip
26 to be mounted thereon, and the semiconductor chip 26 is
electrically connected to the wire bonding pads 210 through a
plurality of bonding wires 27, thereby forming a semiconduc-
tor package.

In another embodiment, the packaging substrate 3 further
has a ground portion 31 formed on the substrate body 20 and
the ground portion 21 is not connected to the circuit layer 21.

Therefore, since the conductive layer connects all the con-
ductive traces, the present invention only needs a small num-
ber of electroplating lines to be connected to the conductive
traces for performing the electroplating process, thereby
effectively avoiding cross-talk.

Further, the present invention dispenses with the patterning
processes in such as an NPL process, thereby greatly reducing
the fabrication cost.

Furthermore, the recess can be used to prevent overflow of
the adhesive material on the wire bonding pads to thereby
ensure the wire bonding quality and the electrical reliability.
Also, by forming the recess, the present invention eliminates
the need to increase the distance between the wire bonding
pads and the die attach area. As such, the packaging substrate
can meet the miniaturization requirement.

In addition, since only a small number of electroplating
lines are required in the present invention, the circuit layout
space and flexibility are increased.

The above-described descriptions of the detailed embodi-
ments are only to illustrate the preferred implementation
according to the present invention, and it is not to limit the
scope of the present invention. Accordingly, all modifications
and variations completed by those with ordinary skill in the
art should fall within the scope of present invention defined by
the appended claims.
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What is claimed is:

1. A fabrication method of a packaging substrate, compris-
ing the steps of:

providing a substrate body having a die attach area and a
circuit layer formed around the die attach area, wherein
the circuit layer has a plurality of conductive traces each
having a first end positioned adjacent to the die attach
area and an apposing second end positioned away from
the die attach area, each of the first ends has a wire
bonding pad, the second end of at least one of the con-
ductive traces at at least one side of the die attach area is
connected to an electroplating line, and the electroplat-
ing lines and the wire bonding pads at the same side of
the die attach area are different in number;

forming a conductive layer at an edge of the die attach area
between the die attach area and the circuit layer, and
electrically connecting the conductive layer to the con-
ductive traces;

performing an electroplating process through the conduc-
tive layer and the electroplating line so as to form a
surface treatment layer on the wire bonding pads; and

removing the conductive layer.

2. The package of claim 1, wherein each of the wire bond-
ing pads is connected to an extending line so as to be con-
nected to the conductive layer.

3. The method of claim 1, wherein the conductive layer is
removed by laser, a chemical solution or a scraper.

4. The method of claim 1, further comprising forming an
adhesive layer on the die attach area such that a semiconduc-
tor chip is mounted on the die attach area through the adhesive
layer and electrically connected to the wire bonding pads
through a plurality of bonding wires.

5. The method of claim 1, further comprising forming a
ground portion on the substrate body.

6. The method of claim 1, when removing the conductive
layer, further comprising forming a recess corresponding in
position to the conductive layer.

7. The method of claim 1, wherein the electroplating lines
are less in number than the wire bonding pads at the same side
of the die attach area.

8. The method of claim 7, wherein only one of the conduc-
tive traces is connected to the electroplating line through the
second end thereof.

9. The package of claim 1, further comprising, after the
formation of the conductive layer and before the formation of
the surface treatment layer, forming on the substrate body and
the circuit layer an insulating protection layer having a plu-
rality of openings for exposing the wire bonding pads.
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